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FOREWORD 


This  report  describes  the  results  of  a study  to  evaluate  the  most  cost 
effective  conversion  for  existing  A:.r  Force  CB-10  flight  line  extinguishers 
to  employ  Halon  1211  (Bromochlorodif luoromethane)  fire  suppression  agent. 

The  program  was  sponsored  by  the  DOD  Aircraft  Ground  Fire  Suppression  and 
Rescue  Office  (ASD/SMGF) , Wright-Patterson  AFB  OH,  under  system  4I4N.  Mr 
Richard  Robbins  was  project  monitor.  The  study  was  conducted  by  the  Air 
Force  Civil  Engineering  Center  (AFCEC) , Tyndall  AFB  FL,  during  the  period 
December  1975  to  September  1976. 

The  author  wishes  to  acknowledge  the  extensive  contributions  of  the 
Ansul  Company  and  XCI  United  States  to  this  program.  The  technical  reports 
provided  by  these  companies  (at  no  cost  to  the  government)  formed  the  basis 
for  this  evaluation  effort.  The  author  also  wishes  to  thank  all  companies 
that  supplied  Halon  1211  conversion  kits  and/or  nozzles  for  use  during  this 
program.  In  addition,  the  author  wishes  to  especially  thank  Mr  Spencer  Dunn, 
The  Ansul  Company,  and  Mr  Jack  Novotny,  ICI  United  States,  for  their  techni- 
cal assistance. 

The  fire  tests  could  not  have  been  conducted  at  Tyndall  AFB  without  the 
invaluable  assistance  of  the  base  fire  department.  This  department  provided 
standby  fire  suppression  support,  use  of  equipment  and  personnel  during  all 
tests. 

Last  but  not  least,  the  author  wishes  to  thank  two  Center  personnel  who 
participated  throughout  the  program — TSgt  Jerry  T Reynolds,  who  did  all  the 
controlled  fire  fighting  tests,  and  Major  Rodger  C Clarke  for  his  photo- 


graphic expertise. 


1.0  INTRODUCTION  1 


1.0  INTRODUCTION  1 

2.0  BACKGROUND  1 

: 3.0  DETAILED  OBJECTIVES  2 

1 

3.1  Phase  I Objective  2 

3.2  Phase  II  Objective  5 

3.2.1  Spill  Fires  (Concrete)  6 

3.2.2  Fuel  Spill  Fires  (Pool)  6 

[ 3.2.3  Engine  Fires  6 

3.2.4  Tire  Fires  7 

3.2.5  Obstructed  and  Running  Fuel  Fires  7 

3.2.6  Novice  Trials  

3.2.7  Climatic  Conditioning  7 

4.0  PHASE  I 8 


» 

[ \ 

| 


4.1  Hardware  Configuration  Evaluation 

4.2  Method  of  Testing  Nozzles  

4.2.1  Pattern  

4.2.2  Pressures  

4.2.3  Discharge  Rate  

4.2.4  Nitrogen  Solubility  

4.2.5  Wind  Effects  

4.2.6  Observation  Criteria  

4. 2. 6.1  Pressure  Readings 

4. 2. 6. 2 Range  Readings  ... 

4. 2. 6. 3 Pattern  Quality  .. 

4.3  Nozzles  Tested  

4.3.1  Ansul  (0.422  Inch  Orifice) 

4.3.2  Ansul  (0.522  Inch  Orifice) 

4.3.3  CB-10  Nozzle  

4.3.4  Feecor.  

4.3.5  Graviner  

4.3.6  ICI  Plastic  

4.3.7  ICI  Fans  . 

4.3.8  Stop  Fire  Fans  

4.3.  J StctJ  Fire  Conical  

4.3.10  Rockwood  

4.3.11  Wilco  

4.4  Discharge  Test  Results  

4.4.1  75  psi  Tests  

4.4.2  150  psi  Tests  


8 

8 

8 

8 

10 

10 

10 

11 

11 

12 


Tj.  tSE*  " " 


CONTENTS  (CONT'D) 


Page 

4.4.3  125  psi  Tests  20 

4.4.4  100,  200  and  175  psi  Tesrs  20 

4.5  CB  Comparisons  20 

4.6  Discussion  of  Discharge  Evaluations  23 

4.7  Fill  Ratio  Tests  (Internal  Pressure)  24 

4.7.1  Conclusions  26 

4.S  Fuel  Spill  Tests  29 

4.8.1  Discussion  32 

4.9  Phase  I Conclusions  32 

5.0  PHASE  II  36 

5.1  Extinguisher  Conf igurations/Noszles  37 

5.1.1  The  Ansul  Modification 37 

5.1.2  The  ICI  Modification  39 

5.1.3  The  Stop  Fire  Modification 41 

5.1.4  Nozzles  41 

5.2  Live  Fire  and  Temperature  Effect  Tests  46 

5.2.1  Simulated  Spill  Fires  (Pool)  Procedures  and 

Conditions  46 

5.2.2  Tire  Fires  Procedures  and  Conditions  48 

5.2.3  Aircraft  Engine/Running  Fuel  Fires  Procedures 

and  Conditions  48 

5.2.4  Spill  Fires  (Concrete)  Procedures  and 

Conditions  51 

5.2.5  Novice  Trials  Procedures  and  Conditions  51 

5.2.6  Temperature  Effect  Tests  Procedures  and 

Conditions  53 

5.3  Results  of  Live  Fire  and  Temperature  Effect  Tests  54 

5.3.1  Spill  Fires  (Pool)  54 

5.3.2  CB  Comparisons  54 

5.3.3  Tire  Fires  54 

5.3.4  Aircraft  Engine/Running  Fuel  Fires  54 

5.3.5  Spill  Fires  (Concrete)  64 

5.3.6  Novice  Trial  Fires  64 

5.3.7  Temperature  Effect  Tests  64 

5.4  Phase  II  Results  

6.0  PROGRAM  CONCLUSION  74 

7.0  PROGRAM  REVIEW  74 

8 • 0 RECOMMENDATIONS 79 


V 


LIST  OF  FIGURES 

FIG.  NO.  PAGE 

1 Range  Test  Apparatus  9 

2 Discharge  Pattern  Evaluation  13 

3 Discharge  Pattern  Evaluation  13 

4 Ansul  Nozzle  14 

5 Feecon  Nozzle  14 

6 Gravinar  Nozzle  16 

7 ICI  Nozzles  16 

8 Stop  Fire  Nozzles  17 

9 Wilco  and  Rockwood  Nozzles  17 

10  Flow  Rate  Versus  Regulated  Pressure  25 

11  Per  Cent  Discharge  Without  Sputtering  Versus  Fill  Ratio  2b 

12  Topographic  Plan  of  Concrete  Surface  30 

13  Fuel  Spill  on  Grid  Before  Ignition  31 

14  Fuel  Spill  on  Grid  After  Ignition  33 


15  Fuel  Spill  Versus  Amount  of  Fuel  Spilled  After  Ignition 
lb  Area  Per  Gallon  Before  Ignition 

17  Area  Per  Gallon  After  lynition 

18  Ansul  Modified  Unit 

19  ICI  Filling  Adaptor 

20  ICI  Filling  Indicators 

21  Stop  Fire  Modification  s; 

22  Ansul  (0.422)  Nozzle 


vi 


l>  i*  • I - ' 


LIST  OF  FIGURES  (CONT'D) 


FIG.  NO.  PAGE 


23 

ICI  Nozzle 

45 

24 

Test  Pit  and  Radiometers 

47 

25 

Typical  Test  Fire 

49 

26 

Typical  Tire  Fire 

50 

27 

T-33  Test  Aircraft 

50 

28 

Typical  Spixl  B’ire 

52 

29 

Typical  Large  Spill  Fire 

59 

30 

Aircraft  Engine  Fire 

62 

31 

Spill  Fire  Suppression 

66 

32 

Novice  Pool  Fire  #2  (Area  200  Ft^} 

68 

33 

Novice  Pool  Fire  #6  (Area  840  Ft^) 

68 

34 

Novice  Aircraft  Engine/Running  Fuel  Fire 

69 

35 

Novice  Aircraft  Engine/Running  Fuel  Fire 

69 

36 

Vapor  Fireball 

76 

vii 


LIST  OF  TABLES 


TABLE  NO.  PAGE 

I External  Nitrogen  Pressure  Test  - 75  psig  19 

II  External  Nitrogen  Pressure  T c - 150  psig  21 

III  External  Nitrogen  Pressure  Test  - 125,  100,  200  ana 

175  psig  22 

IV  CB  Test  - Internal  Pressure  23 

V Fill  Density  Tests  27 

VI  Fuel  Spill  Areas  33 

VII  Results  of  Spill  Fires  (Pool)  55 

VIII  CB  Spill  Fires  (Pool)  57 

IX  Tire  Fire  Test  Results  58 

X Results  of  Spill  Fires  (Concrete)  65 

XI  Results  of  Novice  Spill  Fires  (Pool)  67 

XII  Cold  Tests  -60°F  71 

XIII  Hot  Tests  +140°F  72 


1.0 


INTRODUCTION 


The  major  objective  of  this  program  was  to  determine  the  wheeled 
fire  extinguisher  configuration  that  is  most  cost  effective  for  employment 
by  non-fire  fighters  using  Halon  1211  fire  extinguishing  agent  against 
flight  line  type  fires.  Included  objectives  were  to  determine  the  optimum 
agent  discharge  pattern,  extinguisher  pressurization  mote  (internal  or 
external)  and  flow  rate  and  to  quantitatively  determine  the  amount  of  agent 
needed  to  extinguish  typical  flight  line  fires. 

2 . 0 BACKGROUND 

Bromochloromethane  (CB)  has  been  used  as  a fire  extinguishing 
agent  by  the  US  Air  Force  in  flight  line  extinguishers  for  many  years. 
Equipment  currently  in  service  includes  10  and  20  gallon  wheeled  units 
that  are  positioned  near  parked  aircraft.  These  units  are  usually  con- 
sidered a first  aid  type  appliance  to  be  used  by  relatively  untrained  (in 
fire  fighting)  personnel  to  extinguish  incipient  fires  faster  than  fire 
department  vehicles  can  arrive  with  primary  extinguishing  agents  like  foam 
and  massive  quantities  of  water. 

Because  CB  has  irritating  and  toxic  effects,  it  has  been  excluded 
from  the  list  of  acceptable  fire  extinguishing  agents  by  the  Occupational 
Safety  and  Health  Administration  (OSKA) . In  searching  for  a replacement 
it  was  found  that  a report  published  by  the  Aircraft  Ground  Fire  Suppres- 
sion and  Rescue  Office, ^ ASD-TR-73-41 , indicated  that  bromochlorodif luor- 
omethane  (Halon  1211)  was  clean  ana  more  effective  on  aircraft  engine/ 
nacelle  fires.  Recent  reports  by  The  Ansul  Company^  and  by  ICI  United 
States  Inc*  also  confirmed  the  feasibility  of  converting  CB-10  units  to 
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accommodate  haion  i-il  at  a large  cost 


savings  when  compared  tc  the  pur- 
chase of  new  extinguishers  of  comparable  fire  fighting  effectiveness. 

There  is  also  precedence  for  such  a conversion  since  xsrg_-  Cb  extinguishers 
were  removed  from  obsolete  P-6  ramp  patrol  vehicles  and  converted  to  Haion 
1211  systems  for  use  on  P-13  fire  trucks. 

A clean  agent  is  defined  as  a .are  suppression  product  tnat  does 
not  leave  a residue  in  the  fire  area  or  on  adjacent  parkec.- aircraft,  For 
example,  dry  chemical  or  foam  residues  are  extremely  difficult  to  remove 
completely  from  intricate  aircraft  or  electronic  components.  Vet  they 
must  be  meticulously  cleaned  to  prevent  subsequent  corrosion  ar.d  pos_ible 


malfunctions,  especially  on  electronic  equipment.  For  example,  estimates 
to  overhaul  an  aircraft  engine  after  the  dischar- e of  a fire  extinguishing 
agent  vary  from  $4,00G  for  a U-3A  engine  to  $145,000  for  a C-5  engine  with 
the  most  representative  cost  in  the  range  of  $46  000  to  $60,000.  Employ- 
ment of  a clean  agent  like  Haion  1211  might  significantly  r.auce  associated 
overhaul  maintenance  costs. 

Haion  1211  is  a chemically  pure  liquified  gas  that  v.. p: . _ _ 


almost  instantly  upon  application,  leaving  no  residua . in  c-his  res 
it  is  the  only  clean  agent  j edged  suitable  for  us.  m 1 1..  ,v.t  line  ex.  ... 
guishers  that  is  recognised  as  acceptable  hy  rc  rixxy  agencies,  i.. 

Ob  HA,  the  i4at  ional  Fire  Protection  Association  h.FPf.  , Inc;,  rwn  i ; 

oratories  (UL. , and  the  US  Coast  Guard. 

3.0  DETAILED  OBJECTIVES 

3 . 1 rhase  I Objective 

The  objective  of  Phase  I was  to  determine  , opt:  .... 
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tor  further  testing  o..  live  fires  in 


! 


» 

i 

i 

\ 

tr 


fire  extinguisher  configuration.; 

Phase  II.  It  is  known  that  . ^Lii  has  different  physical  properties 
than  CB  and,  therefore,  requi res  different  filling  mechanisms,  nozzles, 
nitrogen  pressurization,  etc.  ICI  had  reported  that  it  was  possible  to 
convert  existing  CE  units  by  simply  replacing  the  existing  CB  nozzle  and 
replacing  the  existing  filling  cap  with  a modified  cap  that  permitted  a 
closed  liquid  transfer  for  He  Ion  12113.  Ansui  had  reported  similar  suc- 
cess with  internally  pressurized  units  but  recommended  a more  extensive 
conversion  to  external  pressure  to  enable  the  units  to  hold  considerably 
more  agent  and  hence  be  a more  effective  fire  fighting  appliance^. 

There  are  many  variables  that  influence  the  discharge  pattern  and 
therefore,  the  effectiveness  of  a fire  extinguisher.  The  pattern  itself 
must  also  be  a compromise  between  u long  narrow  stream  that  is  effective 
where  considerable  range  is  needed,  like  high  aircraft  engines,  and  a 
shorter,  wider,  softer  pactern  for  spill  and  running  fuel  fires.  It  is 
possible  to  construct  a variable  pattern  or  adjustable  nozzle  like  the  one 
currently  employed  on  the  CB-10  which  delivers  a straight  stream,  a dis- 
persed pattern  or  a fog  of  agent.  Employment  of  this  variable  CB  nozzle 
has  shown  that  novice  fire  fighters  are  usually  not  prepared  to  make  the 
correct  choice  during  emotional  stress  that  accompanies  the  outbreak  of  a 
f re  It  is,  therefore,  highly  desirable  to  have  a fixed  nozzle  that  is 
effective  in  the  fires  tost  likely  to  occur  on  the  flight  line. 

The  following  variables  were  evaluated  during  Phase  I: 

1.  Extinguishers'  Pressurization  Mode:  Internally  pressurized 

extinguishers  need  considerable  space  the  agent  tank  for 
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nitrogen  pressure.  Since  the  pressure  ss  ccr  inut^iy  a topping 
as  the  agent  leaves  the  tank,  the  flow  rate  and  range  drop 
off  throughout  the  discharge.  Externally  pressurised  extin- 
guishers require  a separate  high  pressure  nitrogen  source,  a 
pressure  regulator  and  associated  piping.  With  this  method, 
considerably  more  agent  ca..  tv.  contained  m the  tank  and  the 
regulated  pressure  source  e.iob-es  .airly  constant  range  and 
flow  rate  throughout  the  discharge. 

2.  Nozzle  Cor,  figure'  or. . Nozzle  design  influences  a:  s:  _e 

pattern  and  the  diameter /length  ci  the  orifice  or  throat 
affects  the  flow  rate.  The  nozzle  can  also  be  flattened  to 
wider,  the  pattern  in  one  piano  to  make  it  more  effective  on 
fuel  spill  type  fires  but  les-  effective  where  long  range  is 
needed. 

Fill  Ratio:  This  parameter  is  influenced  by  the  method  or 

pressurization.  With  internally  pressurized  units,  iCI  re- 
ported that  a 55%  liquid  fill  ratio  was  optima  .it..  re- 
maining u5%  of  the  tanx  volume  1 .ft  for  nitre  eru.  wit 
ternal  pressurization,  the  controlling  variable  is  .cry  nature 
s ince  some  ......  ist  1 lef  f . :pan 

hyd raulic  px essure  I .....  ink. 

that  a fill  of  85%  would  not  become  iq  ...u  full  . . 
peratures  up  to  155°FJ. 

4.  A ..  i.  it  of  . . ..  es  jure;  1’hi  ir 

nd,  . t a , total  dischargi 
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liquid  range  and  agent  plume) , anq  . 
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tne  amount  of  agent  that 
is  discharged  before  flashing  or  sputtering  occurs.  Pressure 
drops  occur  across  the  hese  and  nozzle  so  the  pressurization 
must  be  carefully  matched  to  the  Hardware  to  provide  optimum 
fire  extinguishing  effectiveness.  With  internal  pressuriza- 
tion/ around  200  psi  or  higher  is  normally  optimum,  with  Kalon 
1211,  depending  on  the  length  and  diameter  of  the  hose.  With 
external  pressure,  less  than  20C  psi  is  normally  sufficient, 
again  depending  on  friction  losses  across  the  hose  and  nozzle-". 

5.  Amount  of  F:re  Resulting  from  /arious  Pud  Spills:  This  in- 

formation was  needed  to  determine  the  fire  sizes  for  Phase  II 
and  to  help  select  the  most  cost  effective  conversion.  It  is 
known  that  a very  high  percentage  of  flight  line  fuel  spill 
fires  involve  small  amounts  of  fuel.  It  was,  therefore,  nec- 
essary to  determine  the  fire  area  likely  to  result  from  this 
type  of  spill.  This  is  also  helpful  because  it  is  known  that 
one  pound  of  Kalon  1211  is  capable  of  extinguishing  approxi- 
mately five  square  feet  of  fire  built  to  UL  conditions  per 
standard  #711  when  tested  in  smaller  appliances  like  hand 
jvortabies.  No  attempt  was  made  to  correlate  UL  or  fuel-m- 
depth  fires  with  simple  fuel  spills  on  a hard  surface.  How- 
ever, it  is  known  that  fuei-in-depth  fires  require  consider- 
ably more  agent  to  extinguish  than  a spill  of  the  same  area. 
Phase  II  Objective 

The  objective  of  the  second  phase  was  to  validate  the  selection 
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of  extinguisher  configuration  and  nozzle  design  a.  let.-t  in  Pn»  - . I.  Test 
fires  simulated  fuel  spills  on  a flat  (level;  concrete  surface,  pooled 
fuel-in-depth  fires,  engine  fires,  tire  fires,  ar.a  obstructed  ana  running 
fuel  fires.  The  most  promising  configure  .ions  were  t.sted  deter:  . ine 
severe  temperature  effects  at  the  Climatic  Laboratory,  Egiin  AFB  FL. 

3.2.1  Spill  Fires  (Concrete) 

Test  fires  were  conducted  on  a flat  concrete  surface.  specified 
quantity  of  fuel  (JP-4)  was  spilled  onto  the  surface  ar.d  allowed  to  spread 
for  120  seconds,  at  which  time  the  area  was  estimated  and  the  iuei  ignited. 
A preburn  of  only  15  seconds  was  allowed  prior  to  agent  application  to 
insure  the  fuel  was  not  consumed  before  the  test  was  completed. 

3.2.2  Fuel  3pl.ll  Fires  (Pool; 

Test  fires  were  conducted  on  a concrete  surface,  sloped  to  allow 
circular  fires  varying  ir.  diameter  from  15  feet  to  50  feet.  Diaxr.e  ter  ana 
surface  area  were  changed  by  adding  or  removing  water  on  whi-h  the  fuel 
floated.  A sufficient  quantity  of  fuel  was  added  to  allow  ; ,t  , .50-second 
procure,  and  to  insure  the  fuel  was  not  consumed  before  the  tv.:  . . 

pleted. 

3.2.3  Engine  Fires 

Aircraft  engine  fires  are  usually  obstructed  by  varus  ...  at 
airframe  parts  so  that  the  agent  must  nave  the  ability  to  pone 
obscured  areas.  AGFSRS  reported  that  Kalon  121 1 we_  ha  . s.  ... 

agent  of  those  tested  on  this  type  ol  fire.  Durin  , program 

fuel  was  fad  into  the  engine  compartment  of  a salvaged  1-31  uiitw.fi  coo 
was  allowed  a preburn.  Kaion  1211  was  then  injected  into  toe  air  intake 


and/or  the  exhaust  from  a converted  CB-10  unit. 


3.2.4  T:rt  Fires 

These  tests  were  conducted  or.  complete  aircraft  wheel  and  tire 
assemblies.  The  txres  (non  pressurized)  were  given  various  preburns  above 
a tray  of  JP-4  and/or  gasoline  mixture  and  tests  were  conducted  with  Halon 
1211,  dry  chemical  and  CB.  Extinctions  were  observed  for  reigniticn.  or 
other  problems  like  cracking  or  explosion  of  the  metal  wheels. 

3.2.5  Obstructed  and  Running  Fuel  Fires 

These  tests  were  also  conducted  on  the  salvaged  T-33  aircraft  in 
conjunction  with  engine  fires.  Fuel  was  allowed  to  flow  into  the  interior 
of  the  aircraft  at  such  a rate  that  it  could  not  be  completely  consumed  by 
the  fire.  Excess  fuel  dripped  to  the  ground  from,  cracks  in  the  fuselage 
and  around  concrete  support  pillars. 

3.2.6  Novice  Trials 

Hardware  evaluation  tests  were  conducted  using  an  experienced 
operator  to  minimize  variables  in  fire  fighting  techniques.  Following 
these  tests,  novices  were  allowed  to  approach  different  fire  situations 
without  instructions  or  protective  clothing.  Their  performance  was  used 
to  help  select  the  most  cost  effective  conversion. 

3.2.7  Climatic  Conditioning 

At  the  completion  of  live  fire  tests,  the  chosen  units  were  con- 
ditioned at  the  DOD  Climatic  Laboratory  at  Eglin  AFB  FL  for  24  hours  to 
-60°F  temperature  to  simulate  severe  arctic  conditions  ana  then  discharged 
to  observe  any  changes  in  pattern,  flow  rate,  etc.  The  units  were  then 
conditioned  to  140°F  and  discharged  to  simulate  severe  tropic  or  desert 


conditions . 

4.0  PhAbE  I 

4 . 1 Hardware  Conf iguratior.  Evaluation 

Tests  conducted  during  this  phase  wore  intended  to  evaluate  noz- 
zle design  and  the  resulting  discharge  range  and  pattern  a<  influenced  by 
the  nitrogen  pressure  and  fill  ratio.  Systems  judged  to  be  the  most  ef- 
fective from  a fire  fighting  and  practical  viewpoint  wore  evaluated  on 
live  fires  in  Phase  II. 

It  should  be  pointed  out  that  some  of  the  observations  ta-.en  dur- 
ing these  tests  are  subject  to  individual  interpretation  and  die  often  a 
matter  of  personal  judgment.  Likewise,  some  readings  like  pressure, 
range,  etc,  are  continually  varying,  so  some  error  is  inherent.  However, 


every  possible  precaution  war  taker,  to  ensure  data  that  is  valid. 

4. 2 Method  of  Testing  Nozzles 

4.2.1  Pattern 

To  quantitatively  evaluate  each  nozzle  for  range  - d ' width, 

wooden  stakes  were  spaced  at  one  foot  intervals  in  a straight  j. . . 3 

feet.  Near  the  center,  stakes  were  placed  at  one  foot  intervals  go 
dicular  to  the  50  foot  line  and  extending  a few  feet  on  either  side. 

Photographers  were  positioned  perpendicular  to  th  , :.  i dinensic,.  _■  . „ - 
serve  the  range  from  a test  nozzle  held  at  zero  feet  and  behinu  . u op  ra- 

» 

i 

tor  and  test  nozzle  to  observe  the  width  of  ;no  ei  . . s roc  . ...  . | 

Figure  1)  I 

4.2.2  Pressures 
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converted  CB-10  extinguisher.  This  procedure  was  used  to  conserve  agent 


and  time  while  allowing  consistent  test  data.  Nitrogen  was  supplied  from 
a high  pressure  cylinder  (1600  psi)  through  a regulator  that  was  set  at 
the  desired  test  pressure.  A pressure  gauge  was  mounted  in  a "T"  fitting 
just  behind  the  test  nozzle. 

4.2.3  Discharge  Rate 

During  each  test,  the  entire  CB-10,  with  the  exception  of  the  hose 
and  nozzle,  was  positioned  on  a large  scale.  Initial  weights  were  recorded 
as  well  as  the  weight  to  fill  the  hose  with  liquid  up  to  the  discharge 
nozzle.  The  weight  discharged  per  unit  time  provided  an  average  flow  over 
the  total  discharge  time.  No  attempt  was  made  to  determine  instantaneous 
rates,  since  the  rates  should  be  constant  as  long  as  the  regulator  pressure 
was  constant. 

4.2.4  Nitrogen  Solubility 

Since  nitrogen  is  somewhat  soluble  in  Halon  1211,  all  tests  were 
conducted  with  saturated  agent.  To  ensure  saturation,  the  extinguisher 
handle  was  raised  and  lowered  rapidly  (rocking) , thereby  agitating  the 
liquid.  During  agitation,  makeup  nitrogen  was  added  to  replace  the  amount 
dissolved  in  the  liquid.  This  procedure  was  repeated  until  the  nitrogen 
pressure  was  in  equilibrium. 

4.2.5  Wind  Effects 

Wind  gusts  can  affect  visual  observations  of  discharge  pattern, 
especially  range  and  plume  formation.  To  eliminate  this  problem,  all 
Phase  I static  discharge  tests  were  conducted  when  winds  were  essentially 
zero  with  a maximum  allowable  breeze  of  3 mph. 


At  the  test  site  (Tyndall  AFB) , these  wind  conditions  are  avail- 
able for  a short  time  after  sunrise  each  morning.  However,  at  this  time, 
the  relative  humidity  is  near  100%.  Halon  1211  evaporation  caused  some 
chilling  of  air  around  the  discharge  causing  condensation  in  the  form  of 
visible  moisture  or  fog.  This  fog  was  at  times  difficult  to  distinguish 
from  agent  vapor  causing  some  error  in  judging  plume  formation.  However, 
this  error  is  considered  slight  and  inconsequential  when  compared  to  the 
benefits  of  zero  wind. 

4.2.6  Observation  Criteria 

4. 2. 6.1  Pressure  Readings 

Since  the  line  pressure  of  compressed  gas  regulators  is  dependent 
on  the  back  pressure  and  back  pressure  varied  with  each  test  nozzle,  the 
possibility  of  adjusting  the  nitrogen  regulator  back  to  the  set  test  pres- 
sure during  discharge  was  considered.  However,  this  was  judged  to  be  un- 
necessary since  the  maximum  change  noticed  at  lower  pressures  was  about  5 
psi.  The  pressure  gauge  behind  the  nozzle  also  fluctuated  slightly  during 
discharge,  usually  plus  or  minus  a few  psi.  The  final  reading  for  Pn  was 
taken  as  the  technicians'  judgment  of  the  average  pressure  over  a 10- 
second  interval. 

4. 2. 6. 2 Range  Readings 

These  readings  were  taken  at  the  point  where  liquid  Halon  1211 
hit  the  ground.  In  cases  where  the  agent  evaporated  completely  in  the  air, 
the  point  where  the  visible  continuous  plume  ended  (gaps  appeared)  was 
taken  as  the  range. 
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4. 2.6. 3  Par torn 


This  observation  was  the  judgment  of  the  test  conductor  as  to  the 
f?re  fighting  effectiveness  of  the  discharge  ana  would  oe  verified  in 
Phase  II.  Some  typical  examples  are  shown  in  Figures  2 and  3. 

4 . 3 Nozzles  Tested 

Nozzle  design  is  critical  on  a fire  extinguisher  because  its  con- 
iigiration  determines  the  discharge  pattern  and  the  diameter/length  of  the 
orifice  or  throat  has  a big  effect  on  flow  rate.  To  evaluate  all  possible 
yet  practical  configurations,  16  nozzles  were  selected  for  initial  rest 


from  a group  supplied  by  several  different  companies  involved  in  fire  ex- 
tinguishing products. 


4.3.1  Ansul  (0.422  Inch  Orifice) 

A brass  nozzle  with  a horseshoe  shaped  lever  to  actuate  the  valve, 
which  is  an  integral  part  of  the  nozzle  (Figure  4) . 

4.3.2  Ansul  (0.522  Inch  Orifice) 

Same  as  4.3.1  but  with  a larger  orifice  to  permit  higher  flow 
rates  (Figure  4) . 

4 . 3 . 3 CB-10  Nozzle 

This  is  a three  position  nozzle  used  on  the  CB-10  and  was  eval- 
uated with  Haior.  1211. 

4 . 3.4  Fococ  r 

Pistol  grip  nozzle  with  variable  pattern  co::  cox  ,i  .... 

4.3.5  Gravmar 

This  is  a commercially  available  nozzle  usea  or  haior.  i ; i 
wheeled  units  of  smaller  agent  capacity  than  tnat  intended  for  one 
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The  actual  nozzle  could  nt  removed  from  the  valve  mechanism  by  a quick 
disconnect  to  attach  an  extendable  applicator  or  probe.  The  operating 
lever  was  under  and  parallel  to  the  valve  so  that  it  resembled  the  nozzle 
used  on  gasoline  pumps. (Figure  6) 

4.3.6  ICI  Plastic 

A converging-diverging  nozzle  without  an  integral  valve.  This 
type  xs  used  extensively  on  Halon  1211  wheeled  units  in  Europe  and  else- 
where for  aircraft  protection.  (Figure  7) 

4.3.7  ICI  Fans 

A brass,  flattened  horn  without  an  integral  valve.  These  types 
of  nozzles  spread  the  agent  in  one  plane  and  are  sometimes  considered  more 
effective  than  circular  nozzles  on  flat  surface  fires  when  held  Horizontal- 
ly. Because  it  spreads  the  agent,  range  is  usually  reduced.  Three  sizes 
were  evaluated.  (Figure  7) 

4.3.8  Stop  Fire  Fans 

Same  as  4.3.7  of  different  sizes.  Two  units  were  evaluated. 
(Figure  8) 

4.3.9  Stop  Fire  Conical 

Same  type  as  4.3.6.  Three  units  were  evaluated.  (Figure  8) 

4.3.10  Rockwood 

Long  horn  with  integral  valve  that  could  be  set  for  straight 
stream  or  dispersed  pattern.  (Figure  9) 

4.3.11  Wilco 

Plastic  nozzle  with  variable  pattern  control.  (Figure  9) 
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4 . 4 Discharge  Test  Rashits 

This  series  of  tests  was  intended  to  determine  which  r.cn.  were 
effective  when  the  tank  pressure  ranged  from  75  to  200  psi.  V...  used 

only  the  external  pressure  configuration  to  prevent  ..or.  oi  a con- 

tinually changing  flow  rate.  However,  the  results  would  a ply  . , internal 
pressure  configurations  which  wouxd  start  at  about  200  psi  ;o 

about  75  psi  near  the  end  of  the  agent  supply. 

4.4.1  75  psi  Tests 

The  first  tests  were  conducted  with  the  nitrogen  ....  t at 

75  psi.  Tne  results  are  shown  in  Table  I.  Of  the  16  nozzles  « v .1  . tec 
4 were  rejected,  as  follows: 

1.  C3-1Q  Nozzle:  Intended  for  comparison  only.  A multi  . 

nozzle  is  considered  undesirable  for  this  applicable.'. 

2.  Feecon:  Flow  rate  and  range  too  ,ow  and  probe  -,1_ 

increase  to  an  acceptable  level  with  a reasonable  . . . 
pressure . 

3.  Stop  Fire  #15  Fan:  Excessive  voids  in  pattern. 

4.  Wilco:  Flow  rate  and  range  too  low  and  probai  .y  w -u 

increase  to  an  acceptable  level  with  a reasonable  i.  . 
pressure . 

4.4.2  150  psi  Tests 

After  discharges  with  the  nitrogen  r pula 
(Table  IX),  the  following  nozzles  were  also  reject.. a. 

1.  Gravlnet : boor  liquid  range. 

2.  b.'x  hm-illo.  f Far,.  Stream  too  comp,  i . 


"Sr-  if 


i.  I 'I  Medium  F.m:  Stream  separated  »r,to  two  pai  ‘ w . . ..  : 

c _-n i < r void . 

4.  ICI  Largest  Fan:  Stream  separated  into  two  parte  with  the 

center  void. 

5.  Stop  Fire  #6  Conical:  Range  too  short. 

6.  Stop  Fire  c 1 1 Cor.icui : ho.-.  : ow  rate. 

4.4.3  125  Tests 

The  only  nozzle  rejected  after  this  test  was  Stop  Fire  #1  Far., 
which  had  a wide,  dispersed  pluzne  with  too  little  agent  to  be  effective  on 
live  fires  (see  Table  Til) . Since  this  nozzle  had  been  judged  the  best  of 
the  fan  type,  it  was  decided  to  conduct  one  live  fire  to  record  effective- 
ness . 

4.4.4  100,  200  and  175  psi  Tests 

No  nozzles  were  rejected  (see  Table  III).  The  Roc'rwooc  nozzj e 
was  evaluated  further  during  Phase  II.  The  Stop  Fire  -1  htiof  portormed 

well  throughout  this  series,  but  it  was  not  evaluated  further ■ >.  it  was 

physically  very  similar  to  the  ICI  plastic  nozzle  and  f urtnc : : .Its 

should  apply  to  both  nozzles. 

4 . 5 CB  Comparisons 

Static  discharge  tests  were  conducted  with  in  un,  . . - 

using  CB  as  the  agent  to  provide  a basis  for  comparison.  . ,i-  . 

complete  discharges  wi  th  the  nozzle  set  at  its  three  ..If.' 

are  shown  in  Tabic;  IV.  With  the  nozzle  in  the  straight 

the  i!  war.  /cry  J i t tl<*  change  in  range  throughout  ti- 
the di  :p<  r :;<■>!  position,  the  pattern  was  too  wide  , and  n.  a; 


1*3**.*-  -6.- 


?c. 


the  too  position,  the 


to  the  ground  from  IQ 


CB  TESTS  - INTERNAL  PRESSURE* 


TOTAL 

DISCHARGE 


'LOW  RATE** 


RANGE  (FT)  TIME  (SEC)  OBSERVATION, 


NO  DROP-OPF  IN 
RANGE. 


LIQUID  DROPPED 
CONTINUALLY  TO 
GROUND  BETWEEN 
10  AND  35  FT. 


** AVERAGE  OVER  FIRST  TEN  SECONDS 


RAISED  STREAM  TRAJECTORY  CAUSING  INCREASED  RANGE 


or  flew  rate 


i an: 


not  produce  a flow  rate  high  enough  to  be  effective  on  live  fires  were  re' 


jected  immediately  (4.5#/sec  at  or  greater  than  150  psig) . As  the  tank 


poorer  range  than  conical  nozzles  or  they  had  voids  and  gaps  in  the  pattern 


The  Ansul  0.422 


consistent,  high  quality  pattern  and  the  least  change  in  flow  race  throughout 
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the  desirable  pressure  range  (set  Figure  10;  . Similarly,  the  Cai.very  ing- 
di verging  nozzles  l^ke  the  XCI  Plastic  and  the  stop  Fire  41  Conical  :,.ain- 
taiaed  consistent  quality,  but  the  flow  rate  changed  more  - . the  I zb  to 
2C0  psi  range.  The  ICI  Plastic  nozzle  was  included  for  furtnur  evaluation 
since  it  has  the  advantage  of  lower  cost  when  compared  to  brass,  and  there 
is  less  likelihood  of  pilferage  ir.  the  ;ia^d. 

4 . 7 Fill  Ratio  Tests  (Internal  PresaUr-.-: 

Tne  purpose  of  this  test  series  was  to  confirm,  the  ICI  data  which 
showed  that  a 55%  rill  density  (62.7  ib/cu  it',  was  optimum  for  internally 
pressurized  units.  It  should  be  noted  that  those  tests  wen-  in  end.  c >r,  1/ 
to  spot-check  a few  fill  densities  with  only  one  nozzle  (ICI  .'las tic) . 

With  tne  internal  pres:  .....  configuration!  the  combinati  . 
nitrogen  pressure,  friction  in  the  hose,  nozzle  back  pressure  aac  . Ll.t 
fill  density  determine  the  amount  of  usable-  dis chart  - ri.v.  . Usub.o  ...  - 
charge  time  is  defined  as  the  period  of  output  or  flew  bo  - > v__  a . 

(flashing) . After  severe  flashing  occurs,  the  tiro  r.,;.o.  . ■ 

lose  control  of  the  fire  in  all  but  complete  overkill 

Flushing  is  usually  attrxDutod  to  the  relea^ .....  . 

gen  from  the  agent  while  it  is  passing  through  the  hose.  . ..e  > 

collects  into  large  bubbles,  and  when  the  bubble  . ,,..ub  . . . 

is  a momentary  interruption  of  liquid  flow.  The  -,cy  . : 

be  released  ,.n  the  hose  is  dependent  on  the  prcssui  . 
time  in  the  hose.  As  tne  pressure  drops,  more  itzo  e.. 

Pressure  drop  is  determined  by  the  inti  . ar.-. 

agent  fill  density,  assuming  the  hose  will  remai.-  const......  ..  . 
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REGULATED  PRF.SSUR  (F'  tt) 

-IC  1>i  fUW  RATE  VERSUS  RECIATRi)  PKESttlRE 


changed*  Howevei  , since  the  maximum  initial  pressure-  is  lur.j  tec  to  the 
200-240  psi  rang*--  by  the  strength  of  the  tank,  the  rupture  disc,  etc,  tne 
only  controllable  variable  is  the  agent  fill  density.  With  high  : ill 
densities,  more  agent  is  available  for  fue  fighting,  but  a c. nailer  volume 
. s available-  for  nitrogen.  As  the  agent  flows  cut  of  the  reservoir,  the 
nitrogen  pi > . ire  drops  rapidly  to  a point  where  two  phase  . tow  occurs  in 
the  hose.  With  lower  agent  fill  densities,  less  agent  is  availah'.  •.  for 
tire  fighting-,  but  the  pressure  drop  is  considerably  less  and  there  is  less 
likelihood  of  two  phase  flow  until  almost  ail  the  agent  is  iischarg* d.  it 
should  be  pointed  out  that  it  is  impossible  to  discharge  100  - of  the  agent 
with  - it  interruption  because  approximately  17  lbs  is  needed  just  to  fill 
the  hose. 

During  this  test  series,  internally  pressurized  units  with  various 
fill  densities  w- re  completely  discharged  to  observe  the  point  where  flash- 
ing occurred,  a record  was  kept  of  weight  discharged  versus  tide . After 
. ght  discharged  before  flashing  could  be  determined  from  a 
we *<■  vc  t - graph.  The  results  are  shown  on  Table  V and  . j-  . 

Figure  11. 

It  vu  noticed  during  those  tests  that  where  the  1 iar.hin* 
occurs  during  ch  discharge  was  often  difficult  to  pinpoint  ; c -.r . • 

(either  during  the  test  or  by  reviewing  the  film).  In  some  tests 
a i<  w short  flashes  followed  by  a resumption  of  continuous  flow  . 
sever1  flashing.  These  questionable  tests  are  not  include:,  in 
Cone,  .aions 

It  w.r  observed  tnat  test  results  of  agent  fill  densi ; .*  c a . ... 
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TABLE  V 


i 

TEST  NO. 

FILL 

FILL  DENSITY 

DENSITY  TESTS 

FLASHING  (SEC) 

% D I SC HARG3D 
BEFORE  FLASH  11 

1 

62 

56%  (126  lbs) 

25 

87%  (1C9  lbs) 

' 

63 

59%  (135  lbs) 

24 

73%  (98  lbs) 

66 

50%  (113  lbs) 

27 

88%  (ICO  lbs) 

60 

65%  (148  lbs) 

22 

57%  (35  lbs) 

73 

56%  (126  lbs) 

21 

77%  (97  lbs) 

75 

50%  (115  lbs) 

25 

82%  (94  lbs) 

79 

70%  (160  lbs) 

23 

59%  (95  lbs) 

50-55%  wen  the  inqne;  t -:tt  that  they  dropped  off  as  fill  density  was 
increased.  Since  it  : ; impractical  to  convert  the  CB-iO  with  Haler.  1211 
lev  is  below  50%,  no  test.,  were  run.  At  tms  point,  it  was  decided  to 
accept  the  ICI  recommendation  of  55i  fill  density  and  conduct  all  Phase  II 
fire  tests  with  internally  pressurized  units  at  this  level. 

4 . 0 Fuel  Spill  Tests 

The  objective  of  this  test  series  was  to  determine  the  area  of 
fire  that  would  result  from  fuel  spills  as  u function  of  the  amount  of 
fuel  spilled. 

For  these  tests,  a section  of  unused  concrete  runway  *as  selected 
and  checked  for  flatness  by  a professional  surveying  team.  A plot  of  ele- 
vation change  was  prepared  by  the  surveyors  (Figure  12)  and  a smaller 
(48x48  ft)  section  was  chosen  that  was  flat  and  had  a maximum,  eievatior. 
variation  of  0.08  feet.  A grid  was  painted  on  the  surface  (set  Figure  11) 
sc  that  each  division  contained  four  square  feet  (2x2  ft) . 

JP-4  fuel  was  spilled  onto  the  concrete  surface  from  a height  of 
one  foot  or  less.  After  the  spill,  the  fuel  was  allowed  to  spread  for  i5, 
30  or  120  seconds,  at  which  time  the  area  was  estimates  and  the  fuel  was 
ignited.  After  ignition,  the  burning  surface  area  was  again  estimated 
(see  Figure  14) . The  time  between  ignition  and  the  point  where  9C%  of  the 
initial  burning  area  had  burned  cut  was  observed  as  the  extinction  time. 
This  was  done  to  prevent  unrealistically  long  extinction  times  if  only  a 
very  small  area  had  fuel  remaining  because  it  was  originally  deeper.  No 
tests  were  conducted  if  wind  gusts  exceeded  3 mph. 
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Test  resul*  o aro  show;*  or.  r n 71 . 


/ i v.  j i 


Our 


face  area  versus  -a.;  ions  spilled.  it  was  noticed  mat  me  m . _ . 

increased  rapidly  upon  ignition  ar.d  men  remained  almost  toria 

the  fuel  was  consumed.  Flame  heights  were  diffic  lit  ...  . .r 

tires . 

4.8.1  Discussion 

The  area  of  tire  likely  to  occur  . r«;.  a fuel  spill  i.  on 

of  the  number  of  gallons  spilled  and  the  time  allowed  lor  t:  .• 
spread.  It  was  also  found  that  the  number  of  square  ft ct 
lor.  decreases  considerably  as  the  quantity  of  fuel  spilled  . 
example,  the  area  covered  per  gallon  refer  c ignition  av.  ;u . 
when  only  one  gallon  was  spi Lied.  20  gall 

covered  an  average  of  15  sq  ft.  likewise,  alter  agniti  m,  . ..  g<: . . . 
averaged  about  41  sq  ft  when  only  one  gallon  ■. „0  -. 

were  spills.;  the  jverage  was  about  21  sq  ft/' 

Tne  inimum  area  covered  by  one  gallon  w. 
spends  to  a fuel  layer  0.123  inches  (about  1/  . . tri_.  . 

area  per  gallon  was  48  sq  ft  or  a film  thickness  -f  * . • 

1/32  inch).  It  seemed  odd  that  thicker  f a . layers  .d  r.  it 
than  thinner  films,  and  yet  burn  times  were  genera . ..y  Ion 
had  less  time  to  spread  out.  For  this  to  happen,  rr.  fuel 
consumed  at  different  rates,  hence  different  fire  mt :.  . 
this  phenomenon  further  was  beyono  the  scope  of  this  pr.._. 

4.9  Phase  T Conci ns ions 

The  ;.o:  z2  e submitted  by  The  Ansui  Coirpa: 
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diameter  throat  had  the  most  consistently  nigh  quality  di-..u.'..jrgu  ..tterr,. 

Convergi  ig-dive  jing  r oni  nozzles, 
generally  had  greater  range,  but  the  discharge  pattern  w<  . not  as  wide  at 
a normal  tire  lighting  range  for  spill  type  fires. 

Pan  shaped  nozzles  lack  range  and  often  have  voids  or  gaps  in  the 
discharge.  Range  is  even  further  reduce  a when  the  far*  is  • rti-ai. 

With  an  external  nitrogen  source,  the  optimum  pros  uro  :otr,ed  to 
£>e  about  150  psi . Above-  this  pressure,  there  was  at.  increase-  ir.  nozzle 
reaction  reported  by  the  operator,  making  it  more  difficul 

with  internal  pressure,  the  optimum  fill  density  i . ..  ..-if-.. 

Pres  ou  b<  , ...  n 2 . 240  psi,  based  >n  extii  i ..... 

cons  traints . 

The  area  of  fire  likely  to  occur  from  a fuel  spill  or.  ^ r. a.  i 
Surface  it  » function  of  the  amount  of  fuel  spilled  ar.<  the  tit:..-  . loves 

for  it  to  spread  out.  However,  the  relationship  is  r.ct  ..mnr. 

Too  area  covered  by  spilled  fuel  increases  conside:  ...  ....  it 

starts  burning. 

[•'  i spills  less  than  20  gallons  w^li  burn  at  . 
but  it  is  ,n likely  that  they  will  burn  more  than  Is.  minute:  ■ a 

tionui  fuel  is  added. 
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,/n;ihhfr  Cor.i  i guru  Lion-  Av.zzlcs 
: ii.  . •:  different  hardware  con f i gurat ions  were  ‘suggested  ay  com- 
panies involved  in  fire  protection  equipment  or  agents.  Annul  evaluated 
both  a stored  (internal)  ana  externally  (regulated)  pressurized  unit  ana 
found  the  latter  to  be  more  effective21.  XC1  evaluated  only  stored  pressure 
unit:,  anti  suggested  a modification  whereby  the  units  could  be  filled 
vtiurctritally'.  Stop  Fire  suggested  another  internally  pressnrizea 
system  with  a different  filling  device  and  nozzle. 

It  should  be  noted  that  three  different  types  of  CB-10  units  are 
in  use  at  the  present  time.  Units  were  manufactured  originally  by  Fire 
Guard,  Stop  Fire  and  Fyr-Fyter.  For  the  purpose  of  this  program,  the  only 
significant  difference  between  these  units  is  the  volume  of  the  agent  tank 
which  varied  up  to  0.57  cubic  feet.  The  Ansul  modifications  were  set  up 
on  a Fire  Guard  unit.  The  TCI  and  Stop  Fire  modifications  were  set  up  on 
Stop  Fire  units.  The  Fyr-Fyter  unit  was  not  utilized  during  this  phas._- 
since  it  had  a larger  fill  port  not  compatible  with  existing  modification 
kits . 

5.1.1  The  Ansul  Modification 

In  this  configuration,  the  extinguisher  tank  is  charged  only  with 
agent  prior  to  operation;  the  only  pressure  is  the  vapor  pressure  of  the 
agent.  Nitrogen  is  stored  in  a small,  high  pressure  cylinder  .Id  10  psi 
attached  by  a bracket  to  the  extinguisher  frame  and  connected  to  a 

tank  through  a preset  regulator  (see  Figure  18) . The  nitrogen  cylinder 
volume  is  not  critical  as  long  as  it  contains  sufficient  gas  to  maintai 
constant  pressure  on  the  agent  tank  throughout  the  discharge.  At  the  time 
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of  operation,  the  valve  on  the  nitrogen  cylinder  is  opened,  pressurizing 
the  agent  tank  to  expel  the  agent.  The  Ansul  externally  pressurized  modi- 
fication consisted  of  the  following: 

1.  Modification  of  the  operating  valve  mounted  atop  the  tank. 

2.  A pressure  relief  valve  preset  to  relieve  at  267  to  295  psig. 
The  pressure  relief  valve  has  a handle  which  can  be  used  to 
manually  bleed  off  tank  pressure. 

3.  A quick-connect  pressure  coupling  for  charging  the  tank  with 
lialon  1211. 

4.  A 28  cubic  foot  nitrogen  cylinder  and  valve. 

5.  Brackets  to  secure  the  nitrogen  cylinder  to  the  frame. 

6.  A pressure  regulator  to  control  the  flow  of  nitrogen  when  the 
system  is  activated. 

7.  A ball  valve  for  purging  the  hose. 

8.  The  necessary  lines  and  fittings  to  plumb  the  nitrogen  cylin- 
der and  regulator  to  the  agent  tank. 

5.1.2  The  ICI  Modification 

1CI  suggested  a stored  or  internally  pressurized  configuration, 
operating  the  same  as  existing  CB  units.  Mechanical  changes  Were  us 
follows : 


1.  The  existing  pressure  gauge  was  removed  and  in  its  place  a 
brass  "T"  adaptor  was  connected.  One  side  of  the  "T"  had  a 
quick-connect  to  attach  the  Kalon  1211  filling  hose.  The 
gauge  was  then  replaced  in  the  other  side  of  t.ne  "T"  (see 
Figure  19) . 


-"C,  • 


Tiie  existing  filling  : ...  (without  disturbing  th  pressure 

relief  disc  or  the  Schrader  valve)  modi  led  to  accommodate 
two  small  copper  dip  tubes  so  the  unit  could  be  filled  voj.- 
umetncally  (Figure  20)  . Both  dip  tubes  had  threaded  caps 
that  were  opened  during  filling.  One  tube  was  one  inch 
longer  than  the  other.  As  agent  was  added  to  the  tank  ana 
reached  the  longer  tube,  liquid  would  spurt  out  a small  hole 
in  the  cap.  At  this  point,  the  operator  would  close  true 
cap.  When  liquid  reached  the  shorter  tube,  the  unit  would 
be  full.  By  opening  the  cap  on  the  longer  tube,  the  -nit 
could  be  chocked  for  agent  fill  at  periodic  inspection 
intervals. 

5.1.3  The  Stop  Fire  Modification 

Stop  Fire  suggested  a replacement  filling  cap  that  contained  o 
Schrader  valve,  a bleed  valve,  a pressure  relief  disc  and  a quick-ccnnect 
to  attach  to  the  Halon  1211  filling  hose  (Figure  21) . 

During  the  filling  operation,  the  bleed  valve  would  be  partially 
opened  to  vent  the  tank  as  agent  entered.  When  filled  with  the  correct 
weight,  the  tank  would  be  pressurised  with  nitrogen  through  the  Schrader 
valve.  With  this  conversion,  the  unit  must  be  put  on  a large  scale  during 
filling. 

5.1.4  Nozzles 

Based  on  the  results  of  Phase  I,  the  Ansul  0.422  inch  and  the 
1C I Plastic  nozzles  were  chosen  for  extensive  evaluation  during  Phase  II. 
These  nozzles  are  shown  schematically  in  Figures  22  and  23. 
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5.2 


Live  Fire  and  Temper.; tar  L f us 

5.2.1  Simulated  Spill  F^res  d ioi/  Procedures  and  Cu:.c  uior.;. 

Since  a large  number  of  fire  tests  cannot  be  conducted  on  a con- 
crete surface  without  ruining  the  surface,  a pad  was  constructed  ,.o  hold 
water  on  which  the  fuel  could  be  floated.  The  pad  was  sloped  toward  the 
center  so  that  the  fire  area  could  be  varied  from  15  to  50  feet  in  diameter 
by  the  addition  or  removal  cf  water  (Figure  24) . Since  a sufficient  quan- 
tity of  fuel  (JP-4)  nad  to  be  use.,  to  ensure  at  least  a 2h  minute  burn, 
the  result  was  a fuel  in-depth  fire  rather  than  a thin  fil:.  fire  that 
would  result  from  a spill  on  a hard  flat  surface.  Since  fue^  m-depth 
fires  are  more  difficult  to  extinguish,  these  tests  represented  "worn 
case"  conditions. 

Three  radiometers  (Figure  24)  were  positioned  as  reco:m.  . ..  . . 

R.  Alger^  to  measure  the  radiant  energy  produced  by  the  . no.  ... 

test,  the  radiometer  operator  signaled  the  test  conductor  dn  .. 
reached  peak  intensity.  The  test  conductor  then  signaler  ...  - ; .. 

to  begin  extinction.  After  each  test  fire,  ail  unconsumea  ....  .. 
off  so  that  fresh  fuel  could  be  used  for  the  next  test 

The  extinguisher  being  tested  was  placed  on  a scale  ar.a  .r... 
amount  of  Halon  1211  discharged  was  recorded  every  five  seconds  . ti* 
test  was  concluded. 

During  each  ;•  ost , the  fire  fighter  approach  .<  i . . 

upwind  direction  and  was  not  permitted  to  move 

deer<  03.  in  addition,  the  fire  fighter  was  not  perm:  t . .c  i 

i<.‘  ■ . Tests  were  not  conducted  when  wind  gusts  exceeue>  , ....  . . -.u 
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.^•vssion  ei lectiveness 


from  the  unwind  direction  but  was  not  allcwec.  closer  th^.r.  15  ; et  t 


A i t e- raf  t_  Sneji r.c  /Running  Ft e ]_ >’ i re,  fro: • -dur-  . arid 


a ..  . inted  toncrett  pillars  iith 


elevated  p-atLorr  was  pipe 


Ion  a rut,  mount’,  d or. 


Ions  per  mmuic 


id  behind  the  engine.  Wien  the 


cat:  in  j 


agent  injected  into  the  air  intake  had  ! o * low  1 


During  tnesc  , the  hr;,  tighter  w<u  permitted  to  inject 

agent  into  only  one  of  the  two  air  intakes  and  at  times  the  tail  ,-ipe. 

After  extinguishment  of  the  internal  lire,  the  operator  attacked  the  run- 
ning fuel  and  ground  fire.  A 30  or  60  second  preburn  was  allowed  before 
the  agent  was  discharged. 

5.2.4  Spill  Fires  (Concrete)  Irccucureo  tnc.  Conditions 

The  test  apparatus  describee  in  paragraph  4.8  was  utilized  for 
these  tests  (Figure  28) . A report  by  the  US  Army^  shows  that  73%  of  fuel 
spills  within  the  Air  Force  are  four  gallons  or  less.  An  additional  23% 
are  5-42  gallons  with  4%  above  42  gallons.  Since  the  CB-10  extinguisher 
is  a first  aid  appliance,  it  should  be  at  least  capable  of  extinguishing  a 
high  percentage  of  fuel  spill  fires  likely  to  occur  on  the  flight  line.  It 
should  be  remembered  these  units  will  be  voluntarily  operated  by  non-fire 
fighters  and  without  the  benefit  of  protective  clothing. 

The  fire  fighter  was  restricted  to  approaching  from  an  upwind 
position  and  not  allowed  to  walk  into  the  fuel.  Fires  were  allowed  a pre- 
burr.  of  15  seconds,  since  results  of  Phase  I indicated  a full  conflagration 
would  last  only  about  60  seconds  for  fires  of  this  type.  Fuel  was  allowed 
to  free  flow  for  two  minutes  befor<_  ignition.  Fires  were  not  conaucteu 
when  wind  gusts  exceeded  8 mph. 

5.2.5  Novice  Trials  Procedures  ana  Condition:.; 

At  the  conclusion  of  live  fire  rests  by  an  experienced  operator , 
flight  line  personnel  (crew  chiefs  and  mechanics)  were  randomly  selected  to 
further  evaluate  the  chosen  extinguisher  conf igurations . These  individuals 
had  little  or  no  fire  fighting  experience.  Since  modified  extir.guisners 
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(labej , , verbal  instruction:-;  were 


did  not  have  a printed  instruction  v. 

given  on  now  to  charge  the  unit  and  activate  the  nozzle  for  ail.  fire  sit- 
uations. With  one  . xception,  no  application  instructions  were  given  for 
pool  type  fires.  On  aircraft  f ir«u,  novices  were  instructed  to  discharge 
agent  in  one  air  intake  only  until  they  felt  the  internal  fire  was  extin- 
guished. They  would  then  proceed  to  at  .ucic  the  running  ruei  ana  ground 
fire.  With  tire  far^s,  the  extit.  .lsher  was  positioned  so  as  to  keep  the 
novice  at  least  ten  feet  from  the  fire . None  of  the  novices  were  issued 
protective  clothing. 

5 • 2 • 6 I,eg.pgrat;ur.fe  CohU.-'-id.i^-. 

Both  extinguisher  configurations  (internal  and  external)  were 
tested  for  operation  at  temperatures  simulating  arctic  and  tropic  condi- 
tions (~60°F  and  +140°F) . In  addition,  one  CB  extinguisher  was  compared 
to  Halon  1211  at  test  temperatures.  Units  were  allowed  to  remain  at  test 
temperatures  for  24  hours  to  assure  stabilization  prior  to  operation. 
Cameras  located  in  test  chamber  provided  photographic  documentation  of 
nozzle  reaction,  pattern  width  and  length  of  discharge.  Length  of  dis- 
charge and  pattern  width  were  measured  through  use  of  test  apparatus 
described  in  paragraph  g.2.i.  Time  of  discharge  was  recorded  manually  by 
the  use  of  a stopwatch. 

Since  the  purpose  of  this  test  series  was  to  determine  the  tem- 
perature at  which  malfunctions  might  occur  within  the  range  of  -SO*-1?  to 
140°?,  the  initial  tests  were  conducted  at  these  extremes.  Should  a dis- 
charge bn  unsatisfactory  at  the  extremes,  additional  tests  would  be  run 
to  determine  operating  temperature  limits. 
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5.3.1  Spill  . ires  jr-ool) 

Table  VII  shows  the  results  of  live  fire  tests  lauctcu  with  the 
extinguisher  configurations  and  nozzles  selectee;  after  Pit-  1.  , -ihould 

be  noted  that  three  tests  on  ’.'able  VI!  were  conducted  with  .eternally 
pressurized  units  that  were  not  rechar  _u  after  a pr =v_uuc  ..  it.  rnc  most 
dramatic  was  the  Ansul  internal  modification  and  0.u22  nozzii  where  a 200 
sq  ft  fire  was  easily  extinguished,  fresh  fuel  added  twice,  an.;  the  ; . re 
extinguished  both  times.  This  was  intended  to  simulate  re:  ....  tor..  . .... 
with  a continuous  fuel  supply.  Likewise,  the  externally  r ■ sst..mzcu  ur..  - 
extinguished  a 410  sq  ft  fire  after  extinguishing  a 356  s.  it  fii  . 

Figure  29  shows  a typical  large  fire  being  attacked  with  an  ..xt.  tna. . . 
pressurized  unit. 

5.3.2  CB  Comparisons 

Unmodified  CB-10  extinguishers  using  Cu  as  the  agent  wei 
on  pool  fires  to  serve  as  a basis  for  comparing  modified  ..  . ..  • 

1211.  The  results  are  shown  on  Table  VIII. 

5.3.3  Tirt  Fires 

Table  TX  shows  the  results  of  tire  fire  tests  conductec  wi ... 
verted  ;B-10  units  as  well  Uo  comparison  tents  .-.or.  z.xwi  - . ; c, 

bicarbonate  based  dry  chemical  ant;  CB.  For  these  , 

chemical  wit  on  the  US  Air  Force  P-13  ramp  patrol 

5.3.4  Air. .ra!  ; Eng i ne /Running  Fuel  tin.  ■ 

The  following  is  a brief  description,  includ*; - 
and  running  fuel  fires  conducted  on  the  salvaged  T-3."  m . ...  . 
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TABLE  VI J 


TAK.F  VII  (CONTT.) 


Coni igurution 


.’u'  - . I • ■ 


Nozzle 


Pro.:  sure 


fuel  Flow  Rate 


- ICI  Plastic 


200  prig 


7 GPX 


Fu  i / , ' . toca tion  - ■ • 

ground  tnrough  aircrai  .fc  . r. 

Agent  discharged  four  seconds  into  one  au  ant  .v.  •:.xtir.- 
guished  all  fire  in  the  engine  compartmer, 
then  extinguished  ground  fire  in  four  second- 


2 . Aircraft  Fire  £2: 
Configuration 


Nozzle 


Pressure 
Tuel  Flow  Rate 


21  Internal 


ICI  Plastic 
200  psig 


7 GPM 


Fuel/Fire  Location  - Behind  engine  and  i 

through  aircraft  s>. 

nt  discharged  16  seconds  into  one  intake 
lire  in  engine  compartment.  . ire  --  • '-2 

ground  and  running  fuel  fire  v/itn  j.4  a c 
. ; ,und  .ire  was.  obstzuc  tuci  tg  -....wr*.  v .-x* 


. 


. * > **  •* 


/ 


3 . 3 i .•\.ra - iVfft  f*  .. 

Configuration  - atop  Internal  (Two  Units  Used; 

Nozzle  - Ansul  0.422 

(2)  ICI  Plastic 

Pressure  - 200  psig 

Fuel  Flow  Rate  - 7 GPM 

Fuel/Fire  location  - ’ront  of  engine  and  flowing  onto 

ground 

On  the  first  attempt , the  fire  fighter  extinguished  ail 
ternal  fire  through  air  intaxe  and  all  ground  fire  except  i . 
a filter  saturated  w~zh  fuel  chat  fei.1  out  of  the  engine 
compartment  behind  a concrete  pillar.  The  agent  was  exhauster 
before  the  filter  cca.d  be  extinguished.  The  fuel  on  the 
ground  reignited,  and  the  flames  ignited  the  engine  compart- 
ment fire.  A second  unit  exi _r. juiuhed  all  fire.  On  the 
second  attempt,  the  round  ii.e  was  extin  ;u*shed  aero re  tr 
engine  compartment  f^re,  as  shown  m Figure  iO. 

4 . Aircraft  Fire  #4: 

Conf iguration  - ICI  Internal 

Nozzle  - Ansul  0.422 

Pressure  - 200  psig 

Fuel  Flow  Rate  - 3 GPM 

Fuel/Fir r.  Location  - Pan  behind  engine  ita;.  pipe  removed; 
Agent  discharged  into  o.v  ai  intake  for  1-  seconds  extin- 
guished lire.  No  ground  or  running  fuel  fire. 
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5 . Aircraft:  Fre  -5: 

Configuration  - . :top  Fire  Internal 

Nozzle  - ICI  Plastic 

Pressure  - 200  psig 

Fuel  Flow  Rate  - Zero  - fuel  in  pan  only 

Fuel/Fire  Location  - Behind  engine 

Agent  discharged  into  one  air  intake  for  7 seconds  extin- 
guished all  fire. 

6 . Aircraft  Fire  #6: 

Configuration  - ICI  Internal 

Nozzle  - ICI  Plastic 

Pressure  - 200  psig 

Fuel  Flow  Rate  - 7 GPM 

Fuel/Fire  Location  - Front  of  engine  and  flowing  onto 

ground 

3oth  fires  completely  extinguished  in  10  seconds.  ; 

7 . Aircraft  Fire  #7:  I 

Configuration  - Ansul  Internal 

Nozzle  - Ansul  0.422 

Pressure  - 200  psig 

| 

Fuel  Flow  Rate  - 7 GPM 

Fuel/Fire  Location  - Front  and  rear  (3.5  GPM  each) 

Agent  injected  into  air  intake;  then  extensive  ground  und 
running  fuel  fire  extinguished  easily. 


5.3.5 


Spill  Fires  (Concret 


Table  X shows  the  results  or  live  fire  tests  conducted  o.i  . level 
concrete  pad.  Facility  utilized  was  described  in  paragraph  4.8.  It  should 
be  noted  that  two  tests  on  Table  X were  conducted  with  the  same  extin- 
guisher without  recharging  after  the  previous  test.  Test  fire  #3  should 
have  been  extinguished.  Operator  moved  in  too  close  to  the  oblong  shaped 
fire,  allowing  a ref lash  across  the  previously  extinguished  surface.  Test 
fire  #4  was  judged  to  be  beyond  the  capability  of  the  internal,  pressurized 
configuration.  The  fire  condition  was  altered  when  increased  burning  of 
the  joint  sealer  was  encountered  during  repeat  fires,  resulting  in  u more 
difficult  extinguishment.  A typical  fire  is  shown  in  Figure  31. 

5.3.6  .gov ice  Trial  Fires 

Taoie  XI  shows  the  results  of  novice  spill  fires  (pool). 

Figures  32  and  33  depict  actual  fire  scenes.  All  participants  attacked 
the  fires  without  hesitation  and  reported  a significant  cooling  effect 
upon  agent  discharge.  Operator  (test  #4)  assumed  a crouched  pc.- cion, 
atcriouted  to  the  heat  from  the  fire.  Operator  (test  #5)  ..  as 

to  whether  he  woulc  attempt  to  extinguish  a fire  of  that  magnitude 
flightline  uue  to  the  heat  radiation. 

Three  aircraft  and  two  tire  fire  teste  were  cc.icu.-i 

described  m paragraph  5.2.5.  All  fires  were  easily  ex cm  . a 
novi  es.  Figures  34  and  35  show  actual  fire  suppress. 

5.3.7  Temperature  Kffect  Test.' 

Table  XII  shows  tne  results  of  the  test  c.nerj 
On  extinguisher  (test  #1)  was  disenarged  at  the:  reduced  ,n 
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FIG.  34  NOVICE  AIRCRAFT  ENGINE/RUNNING  FUEL  FIRE 


FIG.  35  NOVICE  AIRCRAFT  ENGINE/RUNNING  FUEL  FIRE 


from  the  temperature  change.  A decrease  in  agent  fiow  ra  . . • 

traveled  was  noted.  However  ata  analy a (test  filn 

ooservations)  showed  that  test  criteria  had  beer.  exceed  . 

results  were  satisfactory.  During  test  #2,  one  extinguisher  .-.a.  cpres- 
surized  to  175  psig  to  determine  if  the  practice  of  adding  ad c t*.o.'.as 
;i  •.  rogen  pressure  at  northern  bases  wou  i significantly  . agent 

ixjw  and  improve  the  discharge  pattern.  Based  on  the  results  of  ;usi  #1, 
coupled  with  minor  improvement  noted  in  test  #2,  the  procedure  .or  as  i- 
tional  pressurization  at  low  temperatures  is  not  necessar-  aii  / 

pressurized  unit  (test  #3)  proved  to  be  satisfactory. 

The  extinguisher  (not  converted)  charged  with  C~  a ..u  .a......  to 

iis  iarg  -60°P.  W to  -20°F,  . isi 

bt  i ne  . ■ : t l lilure  was  not  determir  d and  j »q : . . her  i - 

vestigation  beyond  the  scope  of  this  progr. 

Table  XIII  sinews  the  results  of  he  tests  c r. . 
dn>-  extinguisher  (test  #2)  pressure  relict  disk  ' a 

iyb  psig  when  the  test  chamber  temperature  reached  ^45'c  . 
increase  in  nozzle  reaction  w as  noted  during  both  Haion  . . 

5 . 4 hhase  II  Results 

The  existing  unmodifi  e . CS-10  extinguishers  er.q. -a  - 
extinguish  a maximum  of  250  to  300  square  ‘ eat  I,.  uh>  :y 
depth  fire  use  i during  this  program. 

vith  the  internal  press  .re  conii  uratior,  n 
. 1 i'i  I i rt  . of  approximately  20  square  feet  were 

arid  it  wu  . poo  dibit  to  extinguish  _wr.  reflashes  witn  , . 
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recharging.  Approximately  300  - ...  t appear*  - the  upper  limi 

for  a single  fire. 


With  the  external  pressure  configuration  500  to  700  square  feet, 
fires  are  easily  extinguished  by  an  experienced  operator.  It  is  possible 
to  extinguish  much  larger  fuel  in-deptn  fire's  of  the  type  used  in  this 
stuay  with  good  operator  technique. 

The  converted  Ca-10  unite  wi th  halon  1211  extinguished  all  tire 
fires  of  the  type  used  during  this  study  wiv-r,  the  preburn  was  eight  minutes 
or  less.  Potassium  bicarbonate  based  dry  c/.t-.ru  cul  was  ineffective  for  ex- 
tinguishing like  tire  fires,  CB  was  judged  t ...  ...  ifective  as  alon 
1211  based  on  limited  number  of  tests  conducted. 

The  converted  C3-10  units  with  Halon  1211  consistently  extin- 
guished severely  obstructed  fires  in  the  engine  compartment  of  a jet  air- 
craft ever,  with  fuel  flowing  as  high  as  seven  gallons  per  minute  higher 
flows  not  tested; . 

Running  fuel  fires  resulting  from  a simulated  severed  fuel  line 
and  the  associated  spill  fire  were  easily  extingc- cf-.ed  when  err  . oy-i-j 
Halon  1211. 

The  converted  CB-10  extinguisher  (internal!/  pressurize.,;  is 
capable  of  consistently  extinguishing  large  spill  fires  on  typira,  i light 
line  concrete  surfaces.  With  this  configuration,  fires  of  approximately 
700  square  feet  (that  resulted  when  a spill  of  40  gallons  was  ignited) 

were  extinguished,  and  it  was  possible  to  extinguish  one  reflash  with  the 

2 

same  unit.  Approximately  1100  ft  appeared  to  be  the  upper  limit  for  a 
single  fire. 
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Novice  fire  fighters  had  no  difficulty  ex  tin*,  a r.  ...... 


flight  line  fires.  Their  ability  to  extinguish  spill  ...  gj o 

reduced  when  compared  to  results  obtained  by  the  expend.  _ tor. 

With  flow  rates  above  6#/sec,  the  increased  nozzi  f .ac  ...  - 
hindered  effective  agent  application.  As  the  flow  rate  was  reduces  jelow 
64/ sec,  a corresponding  decrease  in  the  urea  of  fire  that  could  ;,c  extin- 
guished was  observed. 

The  Ansul  0.422  nozzle  was  found  to  be  the  most  effective  and 
versatile  of  ail  the  nozzles  testae. 

The  converted  CB-10  extinguishers  (internal  ar.u  e.-.t  ..a.  ..cr.- 

figurations)  operated  satisfactorily  at  extreme  test  temperatures  •'-(  bre 
and  -60°F) . 

6.0  PROGRAM  CONCLUSION 

When  converted  to  Halon  1211,  the  C3-10  flight  :ir.e  ext:  c i . . . 
are  remarkably  effective  on  the  types  of  fires  iixeiy  tc  occur  tn  or  t- 
parked  aircraft.  The  ability  of  Halon  1211  tc  extinguish  most  fires 

and  to  penetrate  through  and  around  jet  aircraft  engines  wa 
good  as  CE. 

7.0  PROGRAM  REVIEW 

Since  the  major  objective  ot  this  prog  t.:  ••/as  u 
most  cost  effective  mechanical  conversion  of  the  Cb-10  to  . 
particular  emphasis  wa^  placed  on  observir. j how  me  :.ri-t..s 
performed,  ease  and  cost  of  conversion,  ruggedness,  tot. 
etc.  The  following  are  some  important  points  that  shot 
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fxi  ;t:.~  j~  .vent  ->ry : j;  . .-ntly  there  are  anoat  3,000  Cb-10 

amts  i.*.  it  rvice.  Thu  .a  j cri-:y  were  manufactured  during  tr.e 
1560's.  Although  some  units  are  in  poor  physical  condition 
and  might  fail  a hydrostatic  test,  the  vast  majority  could 
be  successfully  co.nvei  ted  to  Halon  1211  and  remain  in  service. 
Clear  Acer,  . : The  existi  ng  Cb-10  extinguishers  aru  positioned 

around  parked  aircraft  and  are  likely  to  be  used  on  engine 
fires,  ground  APU  ant  electrical  equipment  fires,  tires  fires 
and  spill  fires.  The  conversion  to  Halon  1211  (clean  agent) 
is  highly  d -irable  for  protection  of  this  mission  essential 
aircraft  and  support  equipment. 

Operator  Training:  Novice  fire  fighters  selected  from  fliynt 

line  personnel  generally  demonstrated  a poor  agent  applica- 
tion technique.  Some  familiarization  with  the  characteristics 
of  Halon  1211  in  the  form  of  test  fire  demonstrations  by  base 
fire  departments  wouid  be  required.  For  example,  some  novices 
tended  to  elevate  the  nozzle  to  reach  the  fireball  downwind 
from  the  far  edge  of  the  fuel.  With  CB,  the  liquid  contin- 
ually dropped  onto  the  fuel  surface,  preventing  reflash. 

With  Halon  1211,  the  vapor  was  above  the  fuel  surface  and 
reflashes  occurred.  Typical  fireball  is  depicted  ;.r.  Figure 
36. 

Extinguisher  Operat  ,r.  and  Nozzle:  First  aic;  extinguishers 

should  be  conveniently  located  so  that  delays  in  activation 
are  minimized.  Complicated  extinguishers  that  are  diffi: 
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to  place  _nto  o]  ••it.  ......  ohouic.  bo  uvoiucd.  Overly  compiicateo 

nozzles  like  the  present  CE  nozric  should  also  be  avoided. 

It  is  highly  unlikely  tea;  a novice  fire  fighter  could  suc- 
cessfully accomplish  a two  or  three  step  charging  operation 
followed  by  selection  of  the  correct  position (s)  for  a 
variable  nozzle  and  mo  tonal  stress  of  a fire 

situation. 

5.  Potential  for  Leaks:  Since  CB-10  units  arc  stationed  out- 

doors and  often  abused,  the  number  of  connection.; , piping 
joints,  gaskets,  etc,  where  leaks  could  occur  should  be  held 
to  a minimum.  This  is  especially  true  since  these  units  are 
subjected  to  vibrations  when  towed  behind  a motor  vehicle. 

6.  Extinguisher  Sl2e:  Wheeled  fire  extinguishers  will  most 

likely  be  used  by  flight  line  mechanics,  crew  chiefs,  pilots, 
etc,  who  are  not  extensively  trained  in  fire  fighting.  These 
personnel  do  not  have  protective  clothing  and  consideration 
must  be  given  to  the  fact  that  they  probably  wouia  not  risk 
their  own  safety  by  attacking  extremely  large  fires.  This 
would  be  true  oven  if  greater  quantities  of  the  fire  fighting 


agent  were  provided.  For  this  reason,  the  CB-20  exting uishers 
(20  gallons}  were  not  converted  to  Halon  1211.  These  uni us 


are  normally  positioned  near  fuel  storage  facilities  where  u 
clean  agent  is  not  really  necessary,  and  these  Cd-10  units 
are  scheduled  for  replacement  by  dry  chemical  and/or  aqueous 
film  forming  foam  (AFFF)  extinguishers. 
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7 . .-id  vantri-  i _ , nd  Disad va n ig  _ 

Pres.su r_  /..i-r:.  or. : 

a.  Interrw  .Jrcssur.  At.vurivaL  os  ; 

(1)  Lower  cost  and  simpiier  conversion. 

(2)  Conversion  could  be  accomplished  or.  case  wir.nout 
shipping  uni  us  tc  . -entrai  locu.ior.. 

(3)  Easier  to  put  into  operation  oy  untrained  personnel. 

(4)  Less  functional  components  ano  end. ces  lor  *caic s. 

L> . Internal  P.essur-.  D._  sauvan  cages  : 

(1)  Less  agent  quantity,  hence  reduced  i.rc  iivni._r.>'j 
capability. 

(2)  Flow  rate  and  range  dropoff  as  ago  tv  - mc.v:  . .. 

(3)  Discharge  more  affected  by  temperature. 

(4)  Cannot  purge-,  hose  from  self-cont  ... rned  uj.no-  oi. 
source. 

o . External  Pressure  advantage i . 

(1)  Greater  agent  capacity,  hence  move  : ire  v • - 
capability . 

(2)  Longer  discharge  time. 

(3)  Constant  flow  rate  throughout  !i  — 

(4)  Can  purge  hose  iron  s ;.i-tonl...ncu 
a . Ext-:  ml  p r cssu.~ . Jh'  • ■ ; ....  " ..  . , : 

(1)  More  expensive  to  convert. 

(2)  Units  must  ee  shipped  to  contra  .. a.  - . 

or  service  center  for  eonversii. .. . 
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y. ore  complicated  t - oceratt . 

(4)  Mor<  fun  tional  opponents  and  chances  foi  aks. 

(5)  Increased  maintenance  costa. 

(6)  Special  equipment  needed  to  fill  high  pressure 
nitrogen  cylinder. 

(75  Extremely  difficult  to  verify  pressure  m external 
nitrogen  supply. 

8 . 0 RECOMMENDATIONS 

1 . Mechanically  adapt  all  •..•re  v.  ui  . ..  P,h.-i,  Ci.-r:  f .o..t  ...  . 
extinguishers  to  enable  then  to  utilise  Halcn  1211  ■ , o.  ex- 
tinguishing agent  ;r..tead  of  chlorcbromomethane  (C.3;  . CB 
has  irritating  and  somewhat  toxic  effects  and  is  no  longer 
recognised  as  a fire  extinguishing  agent  ny  regulatory 
agencies,  including  CSHA . 

2 . Replace  only  the  parts  cr  components  necessary  to  enable  the 
existing  C3-10  units  to  utilize  Ha Ion  1211  in  the  internal 
or  stor:.c  pressure  moce.  Allowing  the  CB-10  units  to  remain 
in  an  internal  pressure  configuration  is  the  least  expensive. 
Tests  also  have  shown  the  converted  (Halon  1211}  units  have 
sufficient  capacity  to  extinguish  a very  high  percentage  of 
fires  likely  to  occur  around  parked  aircraft.  Large  spill 
fires  arc  rare  as  evidenced  by  statistics  issued  t>y  FAA  , 
which  show  that  with  commercial  aircraft  most  fire:.;  occur  ir. 
engines,  tires  and  support  equipment,  with  only  4*  fuel  spill 

4 

fires.  When  this  is  considered  with  the  Army  survey  , which 
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shows  that  96%  or  -tel  spills  .ire  .ess  than  -,i  on.  its.;,  wnich 

a converted  unit,  extinguished  twice  without  rerul • .-an 

be  concluded  that  the  internal  pressure  mono  . s tr.e  .r.jj,;  cost 
effective.  A further  consideration  is  that  the  extinguishers 
are  intended  for  operation  by  flight  line  personnel  without 
extensive  training  or  prot-j.uive  clothing-  Cfs-10  type  appli- 
ances are  designed  to  control  or  extinguish  incipient  fires 
before  the  fire  department  can  arrive  with  primary  agents 
like  foam  and  water. 

3.  On  serviceable  extinguishers , replace  only  tn  no.  .r  i.  . . . 

operator  instructional,  plates.  This  will  require  a filling 
adapter  for  each  base  extinguisher  maintenance  shop  but  w_i 
be  considerably  less  expensive  than  adding  a fill  adaptor  to 
each  unit.  With  this  method,  converted  units  would  to  fillet 
through  the  main  discharge  valve  instead  o ' t : fling  a. 
Should  convenience  and  ability  to  rapidly  rccnir  . ...... 

tmguishers  be  judged  more  suitable,  a modi.  . _ . 

with  a quicK  disconnect  similar  to  the  Sto;  r .re  ..  ■ 
tion  is  recommended.  Seth  proposals  wou.u  use  ox.. stir 
fire  truck  filling  equipment,  .dot.. . Ever,  unou*;i  ..  a 
mended  configuration  was  not  testeu,  there  voile  ... 
change  in  extinguisher  performance.  Discus::.:.  .. 
ment  manufacturers  and  the  agent  supplier  ... 

biiity  of  this  filling  method. 

4.  replace,  existing  multipr tt.ern  nozztt  with  an  ...  .• 
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. - •.  3an..„ i : •_  ...  ' ; • ■ _m.  . by  The  Cor.:;.  >r:y  ■ 

- he  Ansel  nozzle  provide  .....  most  coni; : stently  effective 
pattern.  Fabrication  wit.-.  alumir.vja  similar  to  the  P-12 
Ha  Ion  1211  nozzle  ins  tear.  brass  should  reduce  nozzle  coot 
and  the  situation  that  m_/.es  t:.e:r.  rub]  tt  to  pilferage  m 
overseas  locations. 

5 . When  necessary,  repi.  ...  ....art. .cs  or.  converts  h^ior. 

1211  unit-  w:th  the  . .one  sty...  sc.  .dried  ior  inclusion  on 
the  new  P-,2  s.-ua  me  .rt>  j unit.  The  existing  C3  hose  as 
necessarily  expensive  and  not  required  for  Halon  1211. 

However,  there  is  no  reason  to  replace  existing  hoses  that 
are  serviceable. 

6 . As  mrcexsa ry  to  meet  requirement,  purchase-  new  halon  1211 
extinguishers  standardized  on  150  .-ounds  of  agent.  New  units 
should  have  rnild  steel  tanks  instead  of  expensive  stainless 
steel  and  the  nozzle  and  hose  described  in  recommendations 

4 and  5 above.  Tank  volume  should  be  such  that  150  lbs  of 
Halon  1211  occupies  55%  of  the  available  space. 

7.  Initiate-  projects  to  evaluate  the  .‘-.->11  wir.g: 

a.  Conversion  of  existing  CB-20  units  (20  gallons)  to 

aqueous  film  forming  foam  (AFFF , extinguishers.  By  re- 
placing the  hose,  nozzle  and  operation  .instruction  plates, 
this  unit  could  easily  be  converted  to  AFFF/water  and 
provide  a burn-back  resistance  capability  when  used  in 
combination  with  dry  chemical  units  at  fuel  storage 


location:-: 

Replacement  of  large  SO  w...  uied  uni..  o;, 

the  flight  li n«  .a  h not  eval 

program,  CO  .....  - th . 

be  replaced  by  the  j ...  ....  ially  more 

1211  units. 
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